Background: Adult elite competitive rock climbers are small in stature with low body mass and very low body fat percentage. These characteristics have generated concern that young climbers may attempt body mass reduction to extreme levels with adverse consequences for health and performance. No published anthropometry data for young competitive climbers exist. Objective: To describe the general anthropometric characteristics of junior US competitive rock climbers. Methods: Ninety subjects (mean (SD) age 13.5 (3.0) years) volunteered to participate. All competed at the Junior Competition Climbers Association US National Championship. Anthropometric variables, including height, mass, body mass index (BMI), arm span, biiliocristal and biacromial breadths, skinfold thickness at nine anatomical sites, forearm and hand volumes, and handgrip strength, were measured. Selected variables were expressed as ratio values and as normative age and sex matched centile scores where appropriate. A control group (n = 45) of non-climbing children and youths who participated in a variety of sports activities, including basketball, cross country running, cross country skiing, soccer, and swimming, underwent the same testing procedures in the Exercise Science Laboratory of Northern Michigan University. Results: Mean (SD) self reported climbing ability was 11.80 (1.20), or about 5.11d on the Yosemite decimal system scale. The mean (SD) experience level was 3.2 (1.9) years, and subjects competed in 10 (5) organised competitions over a 12 month period. Despite similarity in age, there were significant differences (p<0.01) between climbers and control subjects for height, mass, centile scores for height and mass, ratio of arm span to height ("ape index"), biiliocristal/biacromial ratio, sum of seven and sum of nine skinfolds, estimated body fat percentage, and handgrip/mass ratio. Despite significantly lower skinfold sums and estimated body fat percentage, no differences were found between climbers and controls for absolute BMI or BMI expressed as a centile score. Conclusions: Young competitive climbers have similar general anthropometric characteristics to elite adult climbers. These include relatively small stature, low body mass, low sums of skinfolds, and high handgrip to mass ratio. Relative to age matched athletic non-climbers, climbers appear to be more linear in body type with narrow shoulders relative to hips. Differences in body composition exist between climbers and non-climbing athletes despite similar BMI values.
T he recreational activity of rock climbing continues to grow in popularity, and the proliferation of indoor climbing walls has fostered informal and formal competitive venues. Study of the climber as an athlete is a relatively new pursuit within the exercise and sport sciences, and early research has focused on physical characteristics that may be associated with high level performance. Watts et al 1 found elite adult competitive climbers to be small in stature with low body mass and very low body fat percentages. Other studies that rated subjects as "elite" or "expert" have reported similar results. [2] [3] [4] Several studies have reported relatively high hand grip strength/body mass ratios in high level climbers. 1 5 Although they found high grip strength/mass ratios in elite climbers, Watts et al 1 categorised absolute handgrip strength scores as "moderate" and suggested that the high strength/ mass ratios were due to the effect of low body mass.
The association of high level climbing performance with small stature and low body fat percentage, and the possibility of improving strength/mass ratio through body mass reduction, has raised concern about the potential long term health effects on climbers. Some authors have expressed concern over the effects of extreme body fat reduction, potential for eating disorders, and associated health and performance risks for climbers. 6 7 Despite anecdotal references to eating disorders and unrealistic weight reduction practices in climbers, no supportive published data in this area are available and no data exist to link the pursuit of excellence in climbing with associated long term health risks.
Despite this lack of data, there has been at least one action to discourage manipulation of body mass through imposition of a minimum body mass index (BMI) standard on young competitive climbers. 8 Whether the selected levels of limitation are justifiable or reasonable for this specialised group of athletes is not known because no published anthropometry data for young competitive sport climbers exist.
This study attempted to fill a portion of this information void relative to young climbers who perform at high levels. Specifically, its purpose was to evaluate anthropometry data for experienced junior competitive sport climbers between the ages of 9 and 18 years and to compare data for this group with an age matched group of physically active youth who do not climb.
METHODS
Ninety experienced competitive climbers (52 boys, 38 girls) volunteered and gave informed consent to participate in the study. These subjects were competitors at the United States National Championship of the Junior Competition Climbers Association (JCCA). All data for the climber group (climbers) were collected before competition at the site of the JCCA National Championship in September, 2000.
At the time of data collection, climbers completed a questionnaire to document training volume and self reported climbing ability for best top rope (with the rope anchored above the climber at all times) and red point (where the climber clips the rope into intermediate anchors along the climbing route) ascents. Climbing ability was defined as the most difficult ascent by top rope or red point style, whichever was higher, rated on a modified Yosemite decimal system (YDS) scale. The modified YDS scale for technical "free" climbing difficulty, where no artificial means are used to aid progress, currently extends from 0 to 15 with letter grades of a, b, c, and d subdividing the numerical categories. Letter subdivisions were assigned values of a = 0.00, b = 0.25, c = 0.50, and d = 0.75. Thus, a YDS rating of 13b became 13.25 for the calculation of means. A similar rating conversion has been previously used by Watts et al. 1 A comparison group of 45 age matched volunteers (controls; 30 boys, 15 girls) gave informed consent and underwent the same testing procedures as the climbers. Controls consisted of youths who were physically active in one or more organised sports but did not participate in climbing. They came from a variety of sports and activities including basketball, cross country running, cross country skiing, soccer, and swimming. All control testing was carried out in the Exercise Science Laboratory of Northern Michigan University. Data were expressed in the same way as for climbers to enable comparisons between the two groups.
All anthropometry measurements were made in a resting state according to established procedures.
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A Lafayette anthropometer was used, by a single investigator, to obtain all skeletal dimensions, with measurements made to the nearest millimetre. Standing height was recorded to the nearest half centimetre with the subject barefoot and with the back against a vertical wall. Mass was measured using a Tanita calibrated electronic scale. BMI was calculated as mass/height 2 where mass was expressed in kilograms and height in metres. Height, mass, and BMI were expressed as absolutes and as normative centile scores according to tables published by the US Department of Health and Human Services Centers for Disease Control and Prevention (CDC). 10 Arm span was measured in the standing position with the arms abducted horizontally. The greatest tip to tip distance between the extended fingers was recorded in centimetres. The ratio of arm span to height, known to climbers as the ape index, was calculated as arm span divided by height.
Biiliocristal breadth was measured as the distance between the most lateral points on the iliac tubercles. Biacromial breadth was measured as the distance between the most lateral points on the acromion processes. Biiliocristal/ biacromial ratio was calculated as the biiliocristal breadth divided by the biacromial breadth. A lower score for this ratio indicates a more triangular torso.
Skinfold thickness was measured to the nearest 0.5 mm with a calibrated Lange caliper at nine anatomical sites by the same trained technician. The nine sites measured were chest, subscapula, midaxilla, suprailiac, iliac crest, abdomen, triceps, thigh, and calf. All measurements were taken on the subject's right side. Percentage body fat (%fat) values were estimated by two different methods. The procedures of Jackson and Pollock 11 use seven skinfold site measurements to estimate body density, with %fat subsequently calculated by the Brozek equation. 4 The sum of the seven skinfolds (S7) used in the Jackson-Pollock equations and the sum of all nine skinfolds (S9) were calculated as variables. %fat was also estimated directly from two skinfold measurements (triceps and calf) by the youth specific equations of Slaughter et al. 13 Forearm and hand volumes were measured to the nearest millilitre by water displacement with the arm in a vertical anatomical position. Hand volume was measured by immersion to the level of a horizontal line between the styloid processes of the radius and ulna. Hand-forearm volume was measured by immersion to the level of the distal edge of the medial epicondyle of the humerus. Forearm volume was calculated as the difference between hand volume and handforearm volume.
An adjustable Jaymar hydraulic hand dynamometer was used to record handgrip force, with the subject seated and the elbow flexed to 90°. Maximum handgrip forces for each hand were recorded in kilograms as the highest of two trials. Right and left maximum handgrip forces were averaged to provide an average handgrip score. Handgrip/mass ratio was calculated as handgrip divided by total body mass.
Jandel Sigma Stat software was used for all statistical analyses. Means (SD) were calculated for measured and calculated variables. Analysis of variance with Tukey post hoc tests were used to test for differences between groups. A p level of 0.05 or less was considered significant for all analyses.
RESULTS
Mean ages were 13.5 (3.0) and 13.7 (2.7) years for climbers and controls respectively. Climbers had participated in the activity for 3.2 (1.9) years and had competed in 10 (5) organised competitions within a 12 month period.
The mean self reported climbing ability for climbers was rated at 11.80 (1.20), or around 11d on the modified Yosemite YDS scale. Figure 1 presents the overall distribution of abilities among the numerical divisions of the YDS rating system. Table 1 presents means (SD) and minimum-maximum ranges for selected variables of training volume reported by the group of climbers. Control subjects reported a mean sport participation frequency of more than 100 sessions a year and a mean practice/competition time of 7.8 (4.5) hours a week in season. Control subjects also reported a mean of 6.5 (7.0) hours a week of aerobic type exercise as part of or in addition to sports participation. Table 2 presents means (SD) for selected measured variables. Significant differences between climbers and controls are indicated. The wide range of ages in our subjects and consequent variability in growth and developmental stages 
We have also used centile scores and ratio variables when possible.
Climbers were significantly smaller in stature and had a lower body mass than the controls (p<0.01; table 2). These significant differences were also evident when data were expressed as normative centile scores (p<0.01; table 2). Height/mass ratio was also higher for climbers (p<0.05; table 2); however, BMI did not differ between the groups. Mean centile scores for BMI were lower for climbers, but this difference was not significant (p = 0.09).
Both S7 and S9 skinfold measures were significantly lower for climbers, as were the results of both %fat estimations. The Slaughter equations yielded significantly higher mean %fat estimations than the Jackson-Pollock equations (p<0.01). Figure 2 presents means (SD) for individual skinfold site measurements by group and sex. Mean values were significantly higher for female than male climbers at the triceps, thigh, and calf sites. Mean values were significantly higher for female than male controls at the thigh and calf sites. Skinfold thicknesses were significantly lower for climbers than controls at the chest, iliac crest, abdomen, triceps, thigh, and calf for girls and at the chest, suprailiac, iliac crest, abdomen, triceps, thigh, and calf for boys.
Forearm volume, hand+forearm volume, and handgrip force were not significantly different between climbers and controls. The handgrip/mass ratio was significantly higher in climbers. 1-4 14-19 This study presents the first large sample descriptive data for young competitive climbers.
The mean ability level of the group of climbers in this study was 11.80 (1.20) on the modified YDS scale or around 5.11d with the median at 5.12a on the normal YDS scale. The mean ability for this group of young climbers is lower than previously reported mean abilities of elite adult climbers. Watts et al 1 reported mean ability levels of 5.13c and 5.12c respectively for male (n = 21) and female (n = 18) semifinalists at a 1989 International World Cup competition. The adult subjects of Watts et al, however, were older (men = 26.6 (4.2) years; women = 27.8 (2.0) years) and had more climbing experience (men = 11.2 (4.9) years; women = 8.8 (3.7) years) than the present subjects. Figure 1 illustrates that a large number of these young climbers perform at a comparatively high standard. This is notable considering the large age and experience differences between the present sample and the adult climbers of a decade ago.
As in previous studies with adult climbers, the young climbers in this study were found to be relatively small in stature and had low body mass, with means at or below the 50th centile for age and sex matched norms. Climbers were also significantly smaller and lighter than athletic control subjects. The small stature and low body mass in climbers minimises the work requirement of movement along the climbing route. A lighter mass also reduces the force output in muscle that would be required to sustain position and maintain a given hand configuration. This could result in a slower rate of fatigue in smaller climbers than their heavier counterparts.
A concern that young climbers may manipulate body mass to extremes in attempts to gain advantage has led one organisation to adopt a set of minimum BMI standards for competitive climbers. 8 The ÖSK BMI limits vary from 16.00 to 17.00 for girls and from 17.00 to 18.00 for boys between 14 and 18 years of age. We applied these standards to our data and found that 21 of the 90 climbers, or 23.3%, would not have passed the BMI cut off standards of ÖSK. All of these 21 climbers were under 16 years of age. Although this seems like a high percentage, it should be noted that 11 of the 45 control athletes, or 24.4%, would not have passed the ÖSK BMI cut offs. We also found no significant differences between climbers and controls for absolute BMI score or for BMI expressed as a centile score.
Despite no BMI related differences between climbers and controls, we did find significant differences for %fat by either estimation method. Our data also indicate that large discrepancies between equations for %fat estimation can occur. The Brozek equation may overestimate %fat in children because it is based on data from older adult cadavers. 20 Still, for our subjects, the Brozek equation yielded lower %fat values than the Slaughter equation. Unresolved questions about the assumptions of tissue densities for children and adolescents, particularly in athletic youth, discourage the application of body fat estimation equations in these populations.
Although interpretation of the %fat data is problematic, large differences between the groups were observed for the S7 and S9 skinfold measures. It is also notable that both male and female climbers had lower individual site skinfold means at several sites than their respective controls (fig 2) . Watts et al 1 compared individual skinfolds at seven sites between male and female finalists at an international climbing competition and found mean thicknesses for female climbers to exceed values for male climbers at only two sites, the triceps and thigh. The current data for junior climbers differ in this respect, with means for female climbers exceeding those for male climbers at all sites except the chest (fig 2) , although these differences were only significant for the triceps, thigh, and calf.
The differences in skinfold sums between climbers and controls indicate that the climbers had relatively less body fat. The S7 skinfold means for male and female climbers were 45.3 (13.0) and 56.0 (14.5) mm respectively. Although these values are significantly lower than the controls, they do not necessarily indicate severely low body fat levels. The S7 skinfold values for our subjects are higher than data previously reported for elite adult male (37.8 (6.8) mm) and female (42.5 (8.9) mm) competitive climbers.
1 Sum of skinfold values tend to increase from a point just after puberty to a peak at about 50 years of age. 20 Whether these athletes will follow a reverse of this trend and exhibit the very low body fat levels that have been observed in elite adult climbers will require longitudinal data.
Considering the equivalent BMI for climbers and controls and the significant differences in skinfold measures, the climbers appear to be proportionately heavier in lean mass and lower in fat mass than the controls. The fact that the climbers had significantly lower skinfold sums than non-climbers without a difference in BMI suggests that BMI scores are inappropriate for screening subjects for extreme reductions in body weight and body fat. This is supported by Deurenberg et al 21 who found low correlations between BMI and %fat in a large group of subjects aged 7-20 years. Further study in this area is needed.
Possession of a long reach relative to height is thought to have a positive influence on climbing performance. Climbers describe the ratio of arm span to height as an ape index and place significance on values over 1.00. The climbers in this study had significantly higher ape index scores than the controls. Values were similar to those observed by Mermier, et al 18 for adult male (1.00-1.08) and female (0.96-1.11) climbers. However, there was no correlation between ape index and climbing ability in our subjects, with r = 0.05. This low correlation is probably due to the relatively small variability in ape index among the climbers (SD = 0.02). It is also possible that the ape index becomes more important when other traits are equivalent.
The higher biiliocristal/biacromial ratio in climbers indicates a less triangular torso than the controls. Most of this difference is accounted for by a narrower biacromial breadth (28.1 (2.5) v 35.7 (4.1) mm) relative to biiliocristal breadth (24.1 (2.6) v 26.2 (2.6) mm) in climbers than controls respectively. This narrower shoulder structure in the climbers could account for a portion of the lower mass observed. Perhaps of more significance is the possibility of a longer arm structure in climbers. The narrow biacromial breadth combined with the relatively large ape index suggests that the climbers had a longer arm component of the total finger tip to tip span distance than the controls. This could have implications for reach distance for a given body position and may be a more important factor than ape index alone.
The lack of a significant difference between climbers and controls for handgrip force is supported by our earlier research, which found absolute handgrip strength in elite climbers to rank between the 50th and 75th centiles for age and sex matched norms. 1 When handgrip strength was expressed relative to body mass, as handgrip/mass ratio, climbers rated significantly higher than controls. Scores for boys (0.70 (0.13)) and girls (0.62 (0.08)) in this study compare closely with reported values for elite adult male (0.78 (0.06)) and female (0.66 (0.06)) climbers.
1 Scores for our subjects exceed some handgrip/mass ratios reported for adult climbers. Mermier et al 18 reported grip strength/mass ratios of 0.65
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www.bjsportmed.com on 10 April 2008 bjsm.bmj.com Downloaded from (0.14) and 0.49 (0.10) for adult male and female recreational climbers respectively. Greater development of forearm musculature in the climbers is suggested by our data that indicate no differences in forearm or forearm+hand volumes compared with controls despite significantly smaller stature and lower body mass.
In summary, high level young competitive climbers present general anthropometric characteristics similar to elite adult climbers. These include relatively small stature, low body mass, low sum of skinfolds, and high handgrip/mass ratio. Relative to age matched athletic non-climbers, climbers also appear to be more linear in body type with narrow shoulders relative to hips. Body composition differences exist between climbers and non-climbing athletes despite equivalent BMI.
